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This study applies traditional unit-root tests, nonlinear unit-root tests, panel 
unit-root tests and cointegration to assess exchange rates with the corresponding 
relative prices and aggregate price levels for seven Central and Eastern European 
countries (CEEC). First, we find that non-linear threshold unit-root test has higher 
power than linear method suggested by Caner and Hansen (2001) if the true data 
generating process of exchange rate is in fact a stationary non-liner process. We 
examine the validity of PPP from the non-linear point of view and provide robust 
evidence clearly indicate that PPP holds true for three countries, namely Slovakia, 
Romania and Bulgaria. Our findings point out their exchange rate adjustment is mean 
reversion towards PPP equilibrium values in a non-linear way. Second, we apply 
stationary test with a Fourier function proposed by Becker et al. (2006) to test the 
validity of long-run purchasing power parity (PPP). We find that our approximation 
has higher power to detect U-shaped breaks and smooth breaks than linear method if 
the true data generating process of exchange rate is in fact a stationary non-liner 
process. We examine the validity of PPP from the non-linear point of view and 
provide robust evidence clearly indicate that PPP holds true for two countries, namely 
Bulgaria and Romania. Our findings point out their exchange rate adjustment is mean 
reversion towards PPP equilibrium values in a non-linear way. Third, we find that 
non-linear panel unit-root test has higher power than linear method suggested by 
Breuer et al. (2001) if the true data generating process of exchange rate is in fact a 
stationary non-liner process. We re-examine the validity of purchasing power parity 
(PPP) from the panel non-linear point of view and provide robust evidence clearly 
indicate that PPP holds true for five countries, namely Bulgaria, Hungary, Poland, 
Romania and Russia. Our findings point out their exchange rate adjustment is mean 
reversion towards PPP equilibrium values in a non-linear way. Finally, we find that 
nonparametric rank test has higher power than parametric testing procedures 














in fact a stationary non-liner process. We re-examine the validity of purchasing power 
parity (PPP) from the nonparametric non-linear point of view and provide robust 
evidence clearly indicates that PPP holds true for these countries. Hence, the long-run 
CEEC countries exchange rate adjustments are in equilibrium with the relevant 
fundamentals as suggested by the PPP hypothesis in a non-linear way.  
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The long-run purchasing power parity (PPP) remains one of the most 
controversial issues in international financial economics. The validity of PPP has 
important implications to decision or policy makers of central banks, multinational 
firms, and exchange rate market participants. In particular, PPP requires that there is a 
long-run relationship among nominal exchange rate, domestic and foreign prices. As 
such, PPP cannot be used to determine the equilibrium exchange rate, and invalid PPP 
also disqualifies the monetary approach to exchange rate determination, which 
requires PPP to hold true. According to Holmes (2001), the PPP is important to policy 
makers for two reasons. First of all, it can be used to predict exchange rate to 
determine whether a currency is over or undervalued. Whether a currency is over or 
undervalued is particularly important for less-developed countries and also for those 
experiencing large difference between domestic and foreign inflation rates. Secondly, 
the notion of PPP is used as the foundation on which many theories of exchange rate 
determination are built. Consequently, the validity is important to those policy makers 
in developing countries who base their adjustments on the PPP. 
Empirical evidence on the stationary of the RER is abundant, but unfortunately, 
thus far, there are none conclusive. For previous studies, one possible explanation for 
the inconsistencies in the existing empirical evidence on the PPP hypothesis is that the 
prior studies implicitly assume that exchange rate behavior is inherently linear in 
nature. It is well know that if RER follows nonlinear stationary process then tests 
based on linear models such as the widely used augmented Dickey-Fuller (ADF) unit 
root models will be mis-specified (Chortareas et al., 2002). However, Sarno (2000) 
and Taylor and Peel (2000) also demonstrate that the adoption of linear stationarity 
tests is inappropriate for the detection of mean reversion if the true process of the data 
















of nonlinear mean-reverting adjustment for real exchange rates has been advanced by 
recent theoretical developments that emphasize the role of transaction costs. Juvenal 
and Taylor (2008) and Lothian and Taylor (2008) have argued that different speeds of 
adjustment at the disaggregated goods level average up to smooth nonlinearity at the 
aggregate level. An alternative view is that nonlinearity at the aggregate level is 
caused by other influences, such as the effects of official foreign exchange 
intervention (Menkhof and Taylor, 2007; Reitz and Taylor, 2008) or heterogeneous 
agents (Kilian and Taylor, 2003). Additionally, the existence of structure changes in 
the RER might imply broken deterministic time trends and the result is a nonlinear 
pattern (Bierens, 1997). 
While some empirical evidence of long-run PPP for both developed countries 
and less developed countries seems convincing, unfortunately thus far none has been 
proven to be conclusive. However, these studies provided mixed results across 
countries. Christev and Noorbakhsh (2000) tested PPP for six CEE countries and find 
a higher speed of adjustment for Poland and Hungary, which adapted floating 
exchange rate regimes, than for the remaining transition countries. Similarly, Thacker 
(1995) also examined the PPP hypothesis for Poland and Hungry and did not support 
PPP. Choudhry (1999) tested for cointegration between relative prices and ominal 
exchange rates of the currencies of Poland, Romania, Russia and Slovenia vis-á-vis 
the US dollar. He applied fractional and the Harris Inder cointegration techniques and 
found evidence for the validity of PPP for the economies of Russia and Slovenia. 
Michaela (2009) analyzes of the PPP between Latvia and the euro area, and between 
Slovakia and the euro area using the Engle-Granger and Johansen co-integration 
techniques and results did not confirmed the PPP validity in both analysed cases. 
Sideris (2006) tested for the validity of PPP for CEE countries in transition and 
















cointegrating vectors violate the symmetry and proportionality hypotheses suggested 
by PPP. Furthermore, a number of recent studies have adopted Behavioral Equilibrium 
Exchange Rate (BEER) to examine the fluctuations of the currencies of the CEE 
countries. Egert et al. (2006) conduct a comprehensive survey on the topics of 
equilibrium exchange rates looking at currencies of the CEE. A wide range of policy 
concerns which may effect the movements of the local currencies and contribute to 
the degrees of misalignment are discussed, including high current account deficit, 
Dutch Disease phenomenon, membership of exchange rate mechanism, enterprise 
restructuring and implication of productivity catch-ups. 
Transition started in 1992 in the former Soviet Union, the process of economic 
transition started with a liberalization of the foreign exchange markets and a provision 
of currency convertibility. The economic reforms started with massive exchange rate 
devaluations (Lipton and Sachs, 1990), therefore, the subsequent years were 
characterized by trend appreciation (De Broeck and Slok, 2006), which was 
strengthened by income convergence and the Balassa-Samuelson effect (Égert and 
Halpern, 2006). These drastic steps resulted in initial deep under valuations of the 
national currency. At the same time, price liberalization was accompanied by very 
high inflation rates. Therefore, the features of CEE transition economies provide an 
interesting study of PPP hypothesis test. First, there were centrally planned and fast 
liberalization to prices and markets, and some suffered from high inflation. Second, 
and most of all, the initial conditions for CEEC transition varied extensively and they 
may be an important indicator in explaining the magnitude of deviations from PPP. 
As for methodology, recent studies of long-run PPP have mostly utilized 
conventional unit root tests such as the Augmented Dickey and Fuller (1981, ADF), 
the Phillips and Perron (1988, PP) – fail to reject the unit root hypothesis of the real 
















stationary process then tests based on linear models such as the widely used ADF unit 
root models will be mis-specified (Chortareas et al., 2002). However, Sarno (2000) 
and Taylor and Peel (2000) also demonstrate that the adoption of linear stationarity 
tests is inappropriate for the detection of mean reversion if the true process of the data 
generation of the exchange rate is in fact a stationary non-linear process. Additionally, 
the existence of structure changes in the RER might imply broken deterministic time 
trends and the result is a nonlinear pattern (Bierens, 1997). If we omit some structural 
breaks it is a possible cause of the traditional unit root tests failing to reject the unit root 
null for RER. Perron (1989) argued that if there is a structural break, the power to reject a 
unit root decreases when the stationary alternative is true and the structural break is 
ignored. Meanwhile, structural changes present in the data generating process, but 
have been neglected, sway the analysis toward accepting the null hypothesis of a unit 
root. As we know that exchange rates might be affected by internal and external 
shocks generated by structural changes may be subject to considerable short-run 
variation.  It is important to know whether or not the RER has any tendency to settle 
down to a long-run equilibrium level, because PPP hypothesis requires that RER 
evolves around a constant or a time trend. If RER is found stationary by using unit 
root test with structural break(s), the effects of shocks such as real and monetary 
shocks that cause deviations around a mean value or deterministic trend are only 
temporary. Then, PPP is valid in the long run. Marcela et al. (2003), Narayan (2005, 
2006), Narayan and Prasad (2005) provide evidence that, when structural breaks are 
included for individual countries, RER is stationary, implying support for purchasing 
power parity.   
As discussed, traditional unit root tests lose power if structural breaks are ignored 
in unit root testing. The general method to account for breaks is to approximate those 
















First, one has to know the exact number and location of the breaks. These are not 
usually known and therefore need to be estimated. This in turn introduces an 
undesirable pre-selection bias (see Maddala and Kim, 1998). Second, current 
available tests account only for one to two breaks. Nunes et al. (1997), Lee and 
Strazicich (2003) and Kim and Perron (2009), among others, demonstrate that such 
tests suffer from serious power and size distortions due to the asymmetric treatment of 
breaks under the null and alternative hypotheses. Third, the use of dummies suggests 
sharp and sudden changes in the trend or level. However, for low frequency data it is 
more likely that structural changes take the form of large swings which cannot be 
captured well using only dummies. Breaks should therefore be approximated as 
smooth and gradual processes (see Leybourne et al., 1998). These arguments motivate 
the use of a recently developed set of unit root and stationarity tests that avoid this 
problem. Both Becker et al. (2006) and Enders and Lee (2009) develop tests which 
model any structural break of an unknown form as a smooth process via means of 
Flexible Fourier transforms (i.e., an expansion of a periodic function in terms of an 
infinite sum of sines and cosines). Several authors, including Gallant (1981), Becker 
et al. (2004), and Enders and Lee (2009), show that a Fourier approximation can often 
capture the behavior of an unknown function even if the function itself is not periodic. 
The authors argue that their testing framework requires only the specification of the 
proper frequency in the estimating equations. By reducing the number of estimated 
parameters, they ensure the tests have good size and power irrespective of the time or 
shape of the break.  
First, this empirical study contributes to this line of research by determining 
whether or not the unit root process of RER of CEE countries using the unit root test 
with a Fourier function proposed by Enders and Lee (2009). Testing whether a time 
















of persistence in the errors is usually unknown. The lack of econometric studies may 
be explained by the difficulties involved modeling acceding country data: only 
relatively few time series observations are available and structural changes have 
occurred frequently. Several authors showed that exchange rates are determined by 
long-term fundamentals including productivity, financial assets and other 
non-stationary variables. Therefore it is generally expected that real exchange rates 
are non-stationary in Eastern Europe. It is the reason that we analyze RER using the 
stationary test with a Fourier function unit root tests that allow for breaks in the trend 
and the level of a series at unknown time. With this, the current research hopes to fill 
the existing gap in the literature. To the best of our knowledge, this study is the first, 
to date, that utilizes the unit root test with a Fourier function in RER for CEE 
countries. This empirical study contributes to the field of empirical research by 
determining whether or not the unit root process is characteristic of the in RER in the 
CEE countries. 
Second, the aim of this study contributes significantly to this field of research 
because, first of all, we examine evidence for PPP for CEEC countries, using the 
threshold autoregressive model (TAR) and the test statistics suggested by Caner and 
Hansen (2001). The main advantage of this procedure is that it allows one to 
simultaneously test for nonlinearities and nonstationarity. Secondly, to the best of our 
knowledge, this study is the first of its kind to utilize the threshold unit root test for 
long-run PPP in CEEC countries.  
Third, more recently, it has been reported that conventional unit root tests not 
only fail to consider information across regions, thereby leading to less efficient 
estimations, but also have lower power when compared with near-unit-root but 
















doubt on many of the earlier findings that have been based on a unit root in real 
exchange rate.  In order to increase the power in testing for a unit root, many 
researchers have employed panel data.  Levin et al. (2002) and Im et al. (2003), for 
instance, have developed the asymptotic theory and the finite-sample properties of 
ADF tests for use with panel data.  These two tests have significantly improved 
power even in relatively small panels, but the problem inherent to both is 
cross-sectional dependence.  Zellner (1962) put forth a straightforward approach to 
handle cross-sectional dependence across countries, and this is to estimate equations 
using the seemingly unrelated regression (SUR) estimator.  Furthermore, O’Connell 
(1998) demonstrated that size distortions can be avoided without a significant loss of 
power by basing the panel-based test on SUR estimations instead of OLS estimations.  
Taylor and Sarno (1998) and Breuer et al. (2001) have shown that the 
“all-or-nothing” nature of the tests has not been fully addressed by recent 
methodological refinements to the Levin-Lin-Chu (2002) test.  Although Im et al. 
(2003), Maddala and Wu (1999) and Taylor and Sarno (1998) developed tests that 
permit the autoregressive parameters to differ across panel members under the 
stationary alternative, they are not informative in terms of the number of series that 
are stationary processes when the null hypothesis is rejected.  The reason is simple: 
they are not joint tests of the null hypothesis.  In this regards, Breuer et al. (2001) 
claim that, by analogy to a simple regression, when an F-statistic rejects the null that a 
vector of coefficients is equal to zero, it is not necessarily true that each coefficient is 
nonzero.  Likewise, when the unit-root null hypothesis is rejected, it may very well 
not be justified to assume that all series in the panel are stationary. 
In contrast to those panel-based unit root tests that are joint tests of a unit root for 
















series in a panel setting, Panel SURKSS tests investigate a separate unit-root null 
hypothesis for each and every individual panel member.  In so doing, they clearly 
identify how many and which series in the panel are stationary processes.  Hence, 
this empirical study applies Panel SURKSS tests, which are the Kapetanios et al. 
(2003, hereafter, KSS) tests based on the panel estimation method of seemingly 
unrelated regressions (SUR), to test the validity of PPP for seven CEEC countries.  
This empirical study contributes to field of empirical research by determining whether 
PPP holds true for these seven CEEC countries.   
Finally, it is worth pointing out that conventional cointegration methods are 
inappropriate, essentially because they assume a unit as the null hypothesis, and a 
linear process under the alternative (Juvenal and Taylor, 2008). It is however, clearly 
demonstrated by Balke and Fomby (1997), the power of linear cointegration tests are 
depleted somewhat under a process of asymmetric adjustment, the recurrent finding of 
unit root in real exchange rates cause some real discomfort to economists who have a 
clear desire to build their models around a long-run PPP relationship (Taylor et al., 
2001). It is possible that linear adjustment can lead to poor results in the analysis of 
equilibrium relationships, essentially because conventional cointegration tests do not 
take asymmetric adjustment into consideration. An alternative view is that 
nonlinearity at the aggregate level is caused by other influences, such as the effects of 
official foreign exchange intervention (Menkhof and Taylor, 2007; Reitz and Taylor, 
2008) or heterogeneous agents (Kilian and Taylor, 2003). The majority of the models 
adopted in the prior empirical studies addressing the issue of equilibrium have 
generally failed to take into account the non-linear properties of the adjustment 
process; however, as noted by Laxton et al. (1993), both bias and mistakes are 
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